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CONTROL DEVICE, DISPLAY DEVICE
CONFIGURED TO ADJUST THE
GRAYSCALE OF A DISPLAYED IMAGE IN
WHICH FLICKER IS EASILY
RECOGNIZABLE, AND METHOD FOR
CONTROLLING DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a control device, a display
device, and a method for controlling the display device.

BACKGROUND ART

In recent years, thin, light, and low-power-consumption
display devices such as liqud crystal display devices have
been remarkably widespread. Typical examples of appara-
tuses on which to mount such display devices encompass
mobile phones, smartphones, notebook-sized PCs (Personal
Computers). It 1s expected that 1in the future, development
and prevalence of electronic paper, which 1s an even thinner
display device, will be rapidly advanced. Under such cir-
cumstances, 1t 1s a common challenge to reduce power
consumption of display devices.

According to conventional CG (Continuous Grain) silicon
TFT liguid crystal display panels, amorphous silicon TFT
liquid crystal display panels, and the like, 1t 1s necessary to
refresh a screen at 60 Hz. Therefore, for a reduction in
clectronic power consumption of the conventional liquid
crystal display panels, attempts have been made to achieve
a refresh rate lower than 60 Hz.

Patent Literature 1 discloses a liquid crystal display
configured such that in a case where no stripes are present
1n an 1mage over a series of frames, the liquid crystal display
device (1) determines that the frames have no characteristic
that easily induces flicker and then (11) lowers a refresh rate.

CITATION LIST
Patent Literature

[Patent Literature 1]
Japanese Patent Application Publication Tokukai No. 2009-
251607 (Publication date: Oct. 29, 2009)

SUMMARY OF INVENTION

Technical Problem

However, with liquid crystal display panels employing
CG silicon TFTs or amorphous silicon TFTs, 1t 1s only
possible to lower a refresh rate to 50 Hz at best while
maintaining display quality.

In recent years, diligent attempts have been made to
develop an oxide semiconductor liquid crystal display panel
in which TF'Ts are each constituted by an oxide semicon-
ductor that uses indium (In), galllum (Ga), and zinc (Zn).
According to a TF'T constituted by an oxide semiconductor,
only a small amount of electric current leaks in an off state.
Theretfore, unlike the cases of conventional liquid crystal
panels, 1t 1s unnecessary for an oxide semiconductor liquid
crystal display panel to refresh a screen at 60 Hz, and it 1s
therefore possible to lower a refresh rate to approximately 1
Hz. This allows for a reduction 1n electric power consump-
tion.

In a case where high-speed 1mage rewriting occurs as in,
for example, scrolling, an oxide semiconductor liquid crystal
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display panel 1s subjected to driving at a high frequency
(heremaftter referred to as “high refresh driving”) 1n accor-
dance with such image rewriting. Meanwhile, 1n a case
where no 1mage rewriting occurs as in a still image, the
oxide semiconductor liquid crystal display panel 1s subjected
to driving at a low frequency (hereinafter referred to as “low
refresh driving™).

However, 1n a case where response speed of liquid crys-
tals 1s slow, driving a display device at a low refresh rate
poses a problem of causing tlicker to be easily recognized
and consequently causing lower display quality due to
non-uniform pixel capacitances (variation 1n capacitance) or
the like. Since slow response speed of liquid crystals causes
an alignment status of liquid crystals to change over a period
in which a screen 1s not refreshed, changes 1n grayscale
levels can be easily recognized. In addition, electric charge
leaks from pixels via TFTs 1n an ofl state. Therefore, 1n a
case where pixel capacitance 1s not uniform, a change 1n
pixel potential differs from pixel to pixel.

However, 1n a case where high refresh driving 1s carried
out so that such problems as described above are solved, 1t
1s 1mpossible to achieve lower electric power consumption.
This makes 1t impossible to utilize an advantage of an oxide
semiconductor liquid crystal display panel.

The present mvention has been made 1n view of the
problems, and an object of the present invention 1s to realize

a display device capable of suppressing electric power
consumption as well as displaying an image with excellent

quality.

Solution to Problem

A control device 1 accordance with an aspect of the
present invention 1s a control device for a display device, the
control device including: an 1image determining section for
determining whether or not an 1mage 1s a flickering 1image
which has a characteristic of causing flicker to be easily
recognizable; and a control information output section for, in
a case where the image determining section determines that
the 1image 1s the flickering 1image, supplying, to a grayscale
level control section for carrying out control for changing a
grayscale level of the flickering image, grayscale level
control information for causing the grayscale level control
section to carry out control for increasing or lowering a
grayscale level of at least one pixel in which the flicker 1s
casily recognizable.

A control method in accordance with an aspect of the
present invention 1s a method for controlling a display
device, the method including the steps of: a) determining
whether or not an 1image 1s a flickering 1image which has a
characteristic of causing flicker to be easily recogmzable;
and b) 1n a case where i1t 1s determined 1n the step a) that the
image 1s the tlickering image, supplying, to a grayscale level
control section for carrying out control for changing a
grayscale level of the flickering image, grayscale level
control information for causing the grayscale level control
section to carry out control for increasing or lowering a
grayscale level of a pixel in which the flicker 1s easily
recognizable.

Advantageous Effects of Invention

tect of

An aspect of the present mvention yields an e
displaying an image with excellent quality.

Additional objects, features, and strengths of the present
invention will be made clear by the description below.
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Further, the advantages of the present invention will be
evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
display device 1n accordance with an aspect of the present
invention.

FIG. 2 1s a set of views for explaiming a method for
controlling the display device. (a) of FIG. 2 1s a graph
showing flicker rates corresponding to respective grayscale
levels at which an oxide semiconductor liquid crystal dis-
play panel 1s driven with a refresh rate of 1 Hz. (b) and (c)
of FIG. 2 show a state 1n which grayscale level values of
pixels have been increased. (d) of FIG. 2 shows a state in
which a backlight luminance has been lowered. (e) of FIG.
2 shows a state of a front luminance of a pixel which has not
been subjected to a change in grayscale level and lowering,
of the luminance and a state of the front luminance of the
pixel which has been subjected to the change 1n grayscale
level and lowering of the luminance.

FIG. 3 1s a timing chart showing how the display device
displays a still image.

FIG. 4 1s a timing chart showing how the display device
displays a moving image.

FIG. 5 1s a flow chart, for the display device, of a process
in which it 1s determined whether to output grayscale level
and luminance control information.

FIG. 6 1s a view 1llustrating screens of the display device.

FIG. 7 1s a set of views for explaining a method for
determining, in the display device by pattern matching,
whether an 1mage 1s a flickering image. (a) of FIG. 7
illustrates a predetermined pattern. (b) and (c¢) of FIG. 7 each
illustrate a grayscale map indicative of grayscale levels of
respective pixels 1n an 1mage.

FIG. 8 1s a set of views for explaining a relationship
between an ambient 1lluminance and a flickering grayscale
level. (a) of FIG. 8 1s a graph showing a flicker rate with
respect to a grayscale level. (b) of FIG. 8 1s a table showing
a relationship between an ambient environment and a flick-
ering grayscale level.

FI1G. 9 1s a block diagram 1llustrating a configuration of a
display device 1n accordance with another aspect of the
present mvention.

FI1G. 10 1s a block diagram 1illustrating a configuration of
a display device 1n accordance with a further aspect of the
present mvention.

FIG. 11 1s a block diagram illustrating a configuration of
a display device 1in accordance with a further aspect of the
present invention.

FIG. 12 1s a block diagram 1llustrating a configuration of
a display device 1n accordance with a further aspect of the
present mvention.

FIG. 13 1s a set of views 1illustrating a change, caused by
a pseudo dot mversion process, 1n grayscale level of display
data and 1n luminance factor of a corresponding pixel, (a) of
FIG. 13 illustrating the change, caused by the pseudo dot
inversion process, 1n grayscale level of display data, and (b)
of FIG. 13 illustrating the change in luminance factor of a
corresponding pixel.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention 1s described
below with reference to FIG. 1 to FIG. 13. A description of
a configuration other than those described 1n the specific
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embodiments below may be appropriately omitted. Note,
however, that, 1n a case where such a configuration 1s
described in another embodiment, the configuration 1s 1den-
tical to that described 1n the another embodiment. Note also
that, for convenience, members having functions i1dentical to
those of the respective members described in the embodi-
ments are given respective 1dentical reference numerals, and
a description of those members 1s appropriately omitted.

Embodiment 1

(a) of FIG. 2 1s a graph showing flicker rates correspond-
ing to respective grayscale levels at which an oxide semi-
conductor liquid crystal display panel 1s driven with a
refresh rate of 1 Hz. (b) and (c) of FIG. 2 show a state in
which grayscale level values of pixels have been increased.
(d) of FIG. 2 shows a state in which a backlight luminance
has been lowered. (e) of FIG. 2 shows a state of a front
luminance of a pixel which has not been subjected to a
change in grayscale level and lowering of the luminance and
a state of the front luminance of the pixel which has been
subjected to the change in grayscale level and lowering of
the luminance. A flicker rate shown in (a) of FIG. 2 indicates
a degree to which flicker 1s recognizable, and a larger value
of the flicker rate means greater recogmizability of the
flicker. A flicker rate of 1.5%, for example, 1s one indicator
of whether or not flicker can be easily recognized. In a case
where the oxide semiconductor liquid crystal display panel
1s driven at a low refresh rate, 1t 1s a grayscale level of an
image that determines whether or not flicker easily occurs.
In FIG. 2, a mimmum grayscale level (black) 1s O, whereas
a maximum grayscale level (white) 1s 255. Note that rec-
ognizability of flicker also varies, depending on a screen size
and production process. A panel 1 1s a liquid crystal display
panel greater in size than a panel 2. The panel 1 and the panel
2 also differ 1n production process.

A response speed of liquid crystals at intermediate gray-
scale levels 1s relatively slow. In addition, at the intermediate
grayscale levels, a change 1n grayscale level (change 1n
alignment of liquid crystal molecules) as a result of leakage
of electric charge via TFTs can easily occur. Note that
“intermediate grayscale levels™ refer to all grayscale levels
except for saturated grayscale levels (1.e. the maximum
grayscale level and the mimmmum grayscale level). For
example, where the minimum grayscale level and the maxi-
mum grayscale level are 0 and 233, respectively, grayscale
levels falling within a range of grayscale level 1 to grayscale
level 254 are intermediate grayscale levels. In a case of a
normally-black type, tlicker 1s more easily recognizable 1n a
range of, for example, grayscale level 10 to grayscale level
200 of all the intermediate grayscale levels. Furthermore,
flicker 1s even more easily recognizable i a range of
grayscale level 20 to grayscale level 80, and 1s particularly
casily recognizable 1n a range of grayscale level 40 to
grayscale level 60. For example, 1n a case where an image
including a large number of pixels having grayscale levels of
the above described ranges 1s displayed at a refresh rate of
1 Hz, a screen 1s refreshed every second. This may cause a
user to recognize flicker every second.

As 1illustrated in FIG. 2, flicker tends to be remarkably
casily recognizable on the lower grayscale level side espe-
cially at an intermediate grayscale level equal to or higher
than grayscale level 10. In view of this, according to
Embodiment 1, a grayscale level of an image that includes
a large number of pixels having grayscale levels falling
within a predetermined range (within a range of flickering
grayscale levels that are set 1n advance as grayscale levels
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which fall within a range of intermediate grayscale levels
and at each of which flicker easily occurs) (hereinatter such
an 1mage 1s referred to as a “tlickering 1mage™) 1s increased.
This prevents recognizability of flicker due to an 1mage that
includes a large number of pixels having grayscale levels
falling within a flickering grayscale range.

A thckering grayscale level 1s constant regardless of a
luminance of a backlight (hereinafter abbreviated as “BL”).
Note, however, that tlicker tends to be hardly recognizable
to human eyes 1n a case where a BL luminance 1s low. In
view of this, according to Embodiment 1, the BL luminance
1s lowered 1n a case where an 1mage 1s a flickering 1mage.
This prevents recognizability of flicker due to a high BL
luminance.

Further, as described earlier, the grayscale level 1s
increased and the BL luminance 1s lowered, so that each
pixel 1s prevented from changing in front luminance before
and after a change in grayscale level and BL luminance.
Thus, a change 1n display quality 1s also prevented.

For example, (b) of FIG. 2 shows a grayscale level of
image data which grayscale level has not been changed, and
(c) of FIG. 2 shows the grayscale level of the image data
which grayscale level has been changed. (b) of FIG. 2 and
(¢) of FIG. 2 each focus on only R pixels. In the image data
whose grayscale level has not been changed, assume that R
pixels 1n a target region have a grayscale level of 40. In this
case, when grayscale level 40 falls within the flickering
grayscale range and an 1image determining section 35 deter-
mines that the image data 1s a flickering image, a control
information output section 36 transmits grayscale level
control information to a grayscale level control section 80,
and the grayscale level control section which has received
the grayscale level control information changes a grayscale
level value to 80 at a two-fold changing magnification (see,
for example, (b) of FIG. 2) (A). Note that, for easiness of
understanding, 1t 1s herein assumed that a grayscale level and
a transmittance ol a pixel are 1n proportion to each other.
Unless the grayscale level and the transmittance of the pixel
are 1n proportion to each other, the grayscale level and the
BL luminance are changed so that a product of the trans-
mittance and the BL luminance 1s not changed (1.e., so that
a luminance of the pixel 1s not changed). Configurations of,
for example, the 1mage determining section, the control
information output section, and the grayscale level control
section are described later.

(d) of FIG. 2, for example shows the BL luminance
obtained before lowering of the luminance (a maximum
luminance value 1s assumed as 100%) and the BL luminance
obtained after a change in the luminance (50%). It 1s
assumed that the BL luminance obtained before the lowering
of the luminance has the maximum luminance value
(100%).

In this case, the control information output section 36
transmits luminance control information to a BL control
section 90. For example, the BL control section 90 which
has received the luminance level control information
changes the BL luminance to 50% with a two-fold lowering
magnification (B).

Note here that a grayscale level changing magnification 1s
obtained by dividing a grayscale level of a pixel in 1image
data which has been changed by the grayscale level of the
pixel 1 the mmage data which has not been changed.
Meanwhile, a BL luminance changing magmfication 1is
obtained by dividing a frequency of a current PWM signal
by a maximum frequency ol a PMW signal.

According to the above examples, (A) an amount of
change 1n grayscale level and (B) an amount of change 1n BL.
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luminance are each set so as not to change respective front
luminances (luminances sensed by human eyes) of a plu-
rality of pixels 1n an 1image.

(Configuration of Display Device 1)

FIG. 1 1s a block diagram 1llustrating a configuration of a
display device in accordance with an embodiment of the
present mvention. A display device 1 includes a display
section 10, a display driving section 20, a host control
section 30 (control device), the grayscale level control
section 80, and the BL control section (backlight control
section) 90.

The display section 10 includes, for example, (1) a screen
constituted by an oxide semiconductor liquid crystal display
panel serving as an active matrix liquid crystal display panel,
and (11) a BL. The oxide semiconductor liquid crystal display
panel 1s a liquid crystal display panel 1n which the above-
described oxide semiconductor-TFT 1s used as each switch-
ing element provided so as to correspond to one or more of
a plurality of pixels that are two dimensionally arranged.
The oxide semiconductor-TFT 1s a TFT having a semicon-
ductor layer made of an oxide semiconductor. Examples of
the oxide semiconductor encompass an oxide semiconductor
(In—Ga—7n—0) 1 which an oxide of mdium, gallium,
and zinc 1s used. According to the oxide semiconductor-TFT,
(1) an amount of electric current flowing 1n an on state 1S
large and (11) an amount of leak current 1n an ofl state is
small. Therefore, by using the oxide semiconductor-TFT for
a switching element, 1t 1s possible to increase a pixel
aperture ratio and to reduce a refresh rate of 1mage display
to approximately 1 Hz. Reducing the refresh rate allows for
such an eflect as a reduction 1n electric power consumption.
An increase 1n a pixel aperture ratio brings about such an
ellect as causing a displayed image to be brighter. In a case
where the brightness of 1image display 1s to be set equal to
that of a CG silicon liquid crystal display panel or the like,
an icreased pixel aperture ratio brings about such an eflect
as reducing electric power consumption by decreasing a
light intensity of a BL. Note also that the present invention
1s not limited to a display device using an oxide semicon-
ductor-TFT, but 1s applicable to any display device capable
of changing a refresh rate.

(Configuration Host Control Section 30)

The host control section 30 i1ncludes a screen rewriting,
detecting section 31, a CPU 32, a host memory 33, a host TG
34 (host timing generator), an 1mage determining section 35,
and a control information output section 36. The host control
section 30 1s configured by, for example, a control circuit
provided on a substrate.

The screen rewriting detection section 31 evaluates
whether or not an 1mage displayed on the screen of the
display section 10 needs to be rewritten. For example, the
screen rewriting detection section 31 notifies the CPU 32 of
necessity to rewrite displaying (image) of the screen in cases
such as (1) a case where an application, which was launched
and 1s being run within the display device 1, notifies the
screen rewriting detection section 31 that a displayed image
needs be rewritten, (11) a case where a user of the display
device 1 notifies, via an input section, notifies the screen
rewriting detection section 31 that a displayed 1image needs
to be rewritten, and (111) a case where the screen rewriting
detection section 31 1s notified of the necessity to rewrite a
displayed image due to data streaming via the Internet, a
broadcast wave, or the like.

Note that image data mputted 1n the screen rewriting
detection section 31 includes (1) data on a displayed image
to be rewritten 1in a frame and (1) an 1image rewriting flag
(time reference) indicative of a timing with which to display
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the 1mage data. In a case where content of an 1mage 1s not
changed over a plurality of frames, data 1n frames 1n which
the content of the 1image 1s not changed 1s not included in the
image data. Based on the image rewriting flag, the screen
rewriting detection section 31 can detect the necessity to
rewrite a displayed image. The screen rewriting detection
section 31 stores time of a frame at which the content of the
image was changed. Then, based on the image rewriting
flag, the screen rewriting detection section 31 evaluates an
interval between (1) a given frame in which the content of the
image was changed (frame in which the displayed image
was rewritten) and (1) a following frame in which the
content of the image was changed next. Based on the
interval, 1t 1s possible to determine whether the displayed
image 1s a moving image or a still image. The screen
rewriting detection section 31 supplies the image rewriting
flag and the 1image data to the CPU 32. In addition, the screen
rewriting detection section 31 supplies, to the control 1nfor-
mation output section 36, data on the interval at which the
content of the 1mage 1s changed.

Note that 1n a case where the 1mage data does not include
an 1mage rewriting tlag but includes data on all frames, the
screen rewriting detection section 31 can determine, by
comparing an image in a given frame and an 1mage in a
following frame, whether or not content of the image is
changed. Based on a result of the comparison, the screen
rewriting detection section 31 can detect necessity to rewrite
a displayed image. In such a case also, the screen rewriting
detection section 31 evaluates, based on time of frame at
which the displayed image 1s rewritten, an interval between
(1) a frame 1n which the content of the image was changed
and (11) a following frame 1n which the content of the image
was changed next.

The CPU 32 (i) obtains, from the screen rewriting detec-
tion section 31, the image data of one entire screen and then
(1) writes the 1image data into the host memory 33. The CPU
32 also supplies the image data to the 1mage determining
section 35. The CPU 32 also supplies the rewriting tlag to
the host TG 34.

The host memory 33 1s a storage device configured by a
VRAM (Video Random Access Memory) or the like.

When the host TG 34 receirves the rewriting flag from the
CPU 32, the host TG 34 (i) obtains the 1image data from the
host memory 33 and (11) transfers the image data to the
display driving section 20. Only 1n a case where a displayed
image needs to be rewritten, the host TG 34 transfers, to the
display driving section 20, image data on the image 1s to be
rewritten 1n a frame. The host TG 34 transiers the image data
in accordance with data communication specifications of a
mobile device, such as MIPI (Mobile Industry Processor
Interface). Note that the host TG 34 transiers, to the display
driving section 20, a sync signal along with the image data.

The 1mage determiming section 35 determines whether or
not an 1mage based on the 1image data 1s an 1mage 1n which
flicker easily occurs. Specifically, the image determining
section 35 determines whether or not pixels in the image
have grayscale levels falling within a range (flickering
grayscale range) of grayscale level 20 to grayscale level 80.
The image determining section 35 determines a percentage
of pixels, of all pixels falling within a predetermined region,
which have grayscale levels falling within the flickering
grayscale range. Specifically, the image determining section
35 (i) generates a histogram in which pixels of every 10
grayscale levels are categorized into a corresponding one of
classes and (1) determines, based on the histogram, a
percentage of pixels having grayscale levels within the
flickering grayscale range. Although the predetermined
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region 1s herein assumed to be an entire region of the 1mage,
the predetermined region can be a partial region of the
image. The mmage determining section 35 determines
whether or not the percentage of the pixels having grayscale
levels within the flickering grayscale range 1s equal to or
higher than 30% (first threshold value). In a case where the
percentage 1s equal to or higher than 30%, the image
determining section 35 determines that flicker easily occurs
in the 1image. In a case where the percentage 1s lower than
30%, the image determiming section 35 determines that
flicker does not easily occurs in the image. The image
determining section 35 supplies, to the control information
output section 36, a determined result indicative of whether
or not the percentage of the pixels having grayscale levels
within the flickering grayscale range 1s equal to or higher
than the first threshold value. Values of the flickering gray-
scale range and the first threshold value are illustrative only,
and can be other values.

According to the configuration, a threshold value (the first
threshold value) 1s set for the percentage of the pixels having
grayscale levels within the tlickering grayscale range (such
pixels are hereinafter simply referred to as “flickering pix-
els). Thus, proper setting of the first threshold value by an
experiment or the like can prevent a process that 1s carried
out with respect to a flickering 1image from being carried out
with respect to an 1mage 1n which no flicker 1s recognized by
a user. Thus, no unnecessary process needs to be carried out,
so that still lower electric power consumption can be
achieved.

In order to cause the display section 10 to display an
image at a relresh rate that 1s equal to or lower than a
predetermined refresh rate (a refresh rate exemplified by but
not limited to a refresh rate that 1s equal to or lower than 10
Hz), the image determining section 35 may determine
whether or not the 1image 1s a flickering 1image. With the
confliguration, 1n a case where the predetermined refresh rate
serving as a threshold against which to determine whether or
not flicker i1s easily recognizable 1s properly set by an
experiment or the like, determination of whether an 1image 1s
a flickering image does not need to be unnecessarily carried
out with respect to a case where the display section 10 1s
driven at a refresh rate at which a user recognizes no flicker.
This makes 1t possible to further reduce electric power
consumption.

The control information output section 36 sets a refresh
rate at which to drive the display section 10, and notifies the
display driving section 20 of the refresh rate. In accordance
with a result of the determination by the image determiming
section 35, the control information output section 36 sup-
plies, to the grayscale level control section 80, grayscale
level control information for causing the grayscale level
control section 80 to carry out control for increasing a
grayscale level of an image for which it has been determined
that the 1image 1s a flickering 1image, and supplies, to the BL
control section 90, luminance control information for caus-
ing the BL control section 90 to carry out control for
lowering a BL luminance.

The grayscale level control information contains, for
example, not only nformation for increasing respective
grayscale level values of a plurality of pixels in an 1image by
a predetermined amount (predetermined percentage) (e.g.,
information on an amount of change in voltage to be applied
to liquid crystal) but also information indicative of an
instruction on whether or not to change a grayscale level.

The luminance control information contains, for example,
not only imformation for lowering the BL luminance by a
predetermined amount (predetermined percentage) [e.g.,
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information on an amount of change in frequency of a PWM
(pulse width modulation) signal] but also information
indicative of an instruction on whether or not to change the
BL luminance.

The grayscale level control information may also contain
information on a degree of change 1n grayscale level which
degree 1s set so as not to change respective front luminances
ol a plurality of pixels 1n an 1mage that i1s being displayed on
the display section 10. Meanwhile, the luminance control
information may also contain information on (1) a degree of
change in grayscale level which change occurs when control
for increasing a grayscale level of a flickering image 1s
carried out, the degree being set so as not to change
respective front luminances of a plurality of pixels in an
image that 1s being displayed on the display section 10 and
(11) a degree of change in BL luminance. More specifically,
grayscale level changing magnification which prevents a
change 1n front luminance of each pixel and a BL luminance
lowering magnification are recorded, the grayscale level
changing magnification and the BL luminance lowering
magnification being associated with each other 1n advance.
According to the configuration, since a front luminance of
cach pixel 1s not changed, 1t 1s possible to display an image
with more excellent quality.

According to Embodiment 1, 1n a case where a displayed
image 1s a still 1image, a refresh rate 1s set at a first refresh
rate (e.g., 1 Hz), which 1s lower than the predetermined
refresh rate. Meanwhile, 1n a case where the displayed image
1s a moving 1mage, the refresh rate may be set at a second
refresh rate (e.g., 30 Hz). In a case where the displayed
image 15 a moving image, the content of the image 1is
changed at short intervals. This causes flicker to be hardly
recognizable even 1n a case where a large number of pixels
have grayscale levels within the tlickering grayscale range.
Therefore, 1n a case where, for example, a moving 1mage 1s
rewritten at a frequency o1 30 Hz, 1t 1s unnecessary to refresh
the moving image at 60 Hz which 1s higher than 30 Hz. In
a case where, for example, a moving 1image 1s rewritten at a
frequency of 15 Hz, it 1s possible to refresh the moving
image at 15 Hz or 30 Hz. The control mnformation output
section 36 notifies the display driving section 20 of refresh
rate setting information so that the display section 10 1s
driven at a set refresh rate.

The control information output section 36 of Embodiment
1 supplies, to the grayscale level control section 80 and the
BL control section 90, not only the above pieces of infor-
mation but also an 1mage rewriting flag transmitted from the
screen rewriting detection section 31. This allows each of
the grayscale level control section 80 and the BL control
section 90 to understand whether or not image rewriting has
been carried out.

The control information output section 36 of Embodiment
1 does not output the grayscale level control information and
the luminance control information in a case where the
percentage of the pixels havmg grayscale levels within the
flickering grayscale range 1s lower than the first threshold
value. Meanwhile, the control information output section 36
outputs the grayscale level control information and the
luminance control information 1n a case where the percent-
age of the pixels having grayscale levels within the flicker-
ing grayscale range 1s equal to or higher than the first
threshold value. With the configuration, proper setting of the
first threshold value by an experiment or the like can prevent
a process that 1s carried out with respect to a flickering image
from being carried out with respect to an 1mage 1n which no
tlicker 1s recognized by a user. Thus, no unnecessary process
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needs to be carried out, so that still lower electric power
consumption can be achieved.

Further, the control information output section 36 of
Embodiment 1 does not output the grayscale level control
information and the luminance control information in a case
where an 1nterval between points in time where the content
of an 1mage detected by the screen rewriting detection
section 31 1s changed is equal to or shorter than a predeter-
mined interval threshold wvalue, or in a case where the
interval 1s longer than the interval threshold value and the
percentage of the pixels havmg grayscale levels within the
flickering grayscale range 1s lower than the first threshold
value. Meanwhile, the control information output section 36
outputs the grayscale level control information and the
luminance control information 1n a case where the interval
1s longer than the interval threshold value and the percentage
of the pixels having grayscale levels within the flickering
grayscale range 1s equal to or higher than the first threshold
value. With the configuration, proper setting of the interval
threshold value by an experiment or the like can prevent a
process that 1s carried out with respect to a flickering 1image
from being carried out with respect to an 1mage which 1s
displayed at an interval between points 1n time where no
tlicker 1s recognized by a user. Thus, no unnecessary process
needs to be carried out, so that still lower electric power
consumption can be achieved.

(Configuration of Grayscale Level Control Section 80)

The grayscale level control section 80 which has received
the 1mage rewriting tlag (indicating that image rewriting has
been carried out) and the grayscale level control information
from the control immformation output section 36 reads out
image data recorded 1n the host memory 33, and transmiuts,
to the host TG 34, the image data whose grayscale level 1s
increased by a predetermined amount. Such a change 1n
grayscale level 1s carried out with respect to an entire 1mage.
Meanwhile, the grayscale level control section 80 which has
received the mmage rewriting flag (indicating that image
rewriting has been carried out) but has not received the
grayscale level control information transmits, directly to the
host TG 34, image data read out from the host memory 33.

(Configuration of BL Control Section 90)

The BL control section 90 which has received the image
rewriting flag (indicating that image rewriting has been
carried out) and the luminance control information from the
control information output section 36 lowers a BL lumi-
nance ol the display section 10 from a predetermined set
value by a predetermined amount. Meanwhile, the BL
control section 90 which has received the 1mage rewriting
flag (indicating that image rewriting has been carried out)
but has not recerved the luminance control information sets
the BL luminance of the display section 10 at the predeter-
mined set value.

(Configuration Display Driving Section 20)

The display driving section 20 1s, for example, a so-called
COG dnver and 1s mounted on a glass substrate of the
display section 10 by use of a COG (Chip on Glass)
technique. The display driving section 20 drives the display
section 10 to cause the screen to display an image based on
image data. The display driving section 20 includes a
memory 21, a TG 22 (timing generator), and a source driver
23.

The memory 21 stores the image data transferred from the
host control section 30. The memory 21 then retains the
image data until the displayed image 1s rewritten (1.e. retains
the 1image data unless the content of the 1mage 1s changed).

Based on the refresh rate instructed by the host control
section 30, the TG 22 reads out the image data from the
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memory 21, and supplies the 1image data to the source driver
23. In addition, the TG 22 generates a timing signal for
driving the display section 10 at the refresh rate instructed by
the control information output section 36, and supplies the
timing signal to the source driver 23. Note that, for gener-
ating the timing signal, the TG 22 can utilize the sync signal
supplied from the host TG.

In accordance with the timing signal, the source driver 23
writes, mto the pixels of the display section 10, respective
display voltages corresponding to the image data.

Suitable examples of the display device 1 encompass
display devices that place importance particularly on porta-

bility, such as mobile phones, smartphones, notebook-sized
PCs, tablet devices, e-book readers, and PDAs.

(Display Driving Method)

FIG. 3 1s a timing chart showing how the display device
1 displays a still image. FIG. 3 1llustrates a case where a still
image A and a still image B are alternately displayed. The
image A includes less than the first threshold value of pixels
which have grayscale levels falling within a flickering
grayscale range (grayscale level 20 to grayscale level 80).
This causes flicker to hardly occur in the image A. The
image B includes a first threshold value (30%) or a higher
percentage ol pixels which have grayscale levels falling
within the flickering grayscale range. This causes flicker to
easily occur 1n the image B. Therefore, a grayscale level of
the 1mage B 1s increased [see (d) of FIG. 3], whereas a BL
luminance 1s lowered [see (e) of FIG. 3].

The host control section 30 transfers image data (1image A
or 1mage B) on one entire screen to the display driving
section 20 only when content of a screen 1s changed (see (a)
of FIG. 3). After the image data on the image A 1s trans-
terred, 1t 1s when the displayed image 1s rewritten to the
image B that the host control section 30 transiers image data
to the display driving section 20 next.

The display driving section 20 (i) stores the receirved
image data (1mage A) in the memory 21 and (11) rewrites,
with a timing synchronmized with an in-driver vertical sync
signal illustrated in (b) of FIG. 3, the displayed image on the
display section 10 to the image A [see (¢) of FIG. 3]. The
in-driver vertical sync signal i1s generated by the TG 22
every predetermined time (every second). Note that the
description of a delay time between a point in time where the
display driving section 20 receives the 1mage data and a
point 1n time where the 1mage 1s displayed will be omatted.
A pulse shown by dotted lines indicates points in time where
vertical sync signals are not generated.

Then, the image A thus displayed is refreshed every
second (at 1 Hz). Specifically, the display driving section 20
operates such that the TG 22 reads out image data (1mage A)
from the memory 21 every second, and then the source
driver 23 supplies the image data to the display section 10.

The display driving section 20 which has received the
image data indicative of the image B rewrites an image
displayed on the display section 10 to the 1mage B regardless
of a refresh rate. Thereafter, the image B thus displayed 1s
refreshed every second. Specifically, the display dniving
section 20 operates such that the TG 22 reads out image data
(image B) from the memory 21 every second, and then the
source driver 23 supplies the image data to the display
section 10. In so doing, an in-driver vertical sync signal 1s
also generated along with the refresh rate of 1 Hz.

FIG. 4 1s a timing chart showing how the display device
1 displays a moving image. FIG. 4 illustrates a case where
images A through E, which serve as moving images, are
displayed 1n turn. The mmages A, B, D, and E are each
displayed for Y30 seconds, whereas the image C 1s displayed
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for Y1s seconds. Intervals, at which content of the moving
images 1s changed from one 1mage to another, are each equal
to or shorter than an interval threshold value (e.g. 400 ms).
Therefore, since 1t 1s determined that the images A through
E serve as moving images, the control information output
section 36 does not output the grayscale level control
information and the luminance control information.

Only when the content of an image 1s changed, the host
control section 30 transfers, with a timing synchromized with
a vertical sync signal (transfer), image data (images A
through E) of one entire screen to the display driving section
20 (see (a) and (b) of FIG. 4).

The display driving section 20 (i) stores the received
image data (1mage A) in the memory 21 and (11) rewrites,
with a timing synchronized with an in-driver vertical sync
signal 1llustrated 1n (¢) of FI1G. 4, the displayed 1mage on the
display section 10 to the image A [see (d) of FIG. 4]. The
in-driver vertical sync signal 1s generated by the TG 22 1n
accordance with a timing with which to receive display data
from the host control section 30.

(Flow of Process of Controlling Grayscale Level and BL
Luminance)

FIG. 5 1s a flow chart of a process in which the host
control section 30 controls a grayscale level and a BL
luminance. The flow illustrated 1n FIG. 5 1s carried out each
time the screen rewriting detection section 31 detects rewrit-
ing of a displayed image (1.e. detects a change 1n content of
the 1mage). In this case, the screen rewriting detection
section 31 supplies, to the control information output section
36 (and the CPU 32), information indicative of whether or
not 1mage rewriting has been carried out, e.g., an 1mage
rewriting flag (indicating that image rewriting has been
carried out; e.g., “1”’) and an 1image rewriting flag (indicating
that 1mage rewriting has not been carried out; e.g., “07).

When the screen rewriting detection section 31 detects,
based on an 1mage rewriting flag or the like, a change in
content of an 1mage, the screen rewriting detection section
31 evaluates an interval between points in time at which the
content of the image 1s changed. Then, the control informa-
tion output section 36 determines whether or not the interval
(rewriting interval) 1s equal to or shorter than a predeter-
mined interval threshold value (e.g. 400 ms) (S1).

In a case where the interval between points 1n time at
which the content of the image 1s changed 1s equal to or
shorter than the interval threshold value (Yes i S1), the
control information output section 36 determines that a
displayed image 1s a moving image, and therefore does not
output grayscale level and luminance control information
(S2).

In a case where the interval between points 1n time at
which the content of the image 1s changed 1s longer than the
interval threshold value (No 1n S1), the control information
output section 36 determines that the displayed 1image 1s a
still image. Then, the 1mage determining section 35 deter-
mines a percentage of pixels, of all pixels mcluded 1n the
image, which have grayscale levels falling within a flicker-
ing grayscale range (range of grayscale level 20 to grayscale
level 80). Then, the 1image determining section 335 deter-
mines whether or not the percentage 1s equal to or higher
than a first threshold value (30%) (53).

In a case where (1) the interval between points 1n time at
which the content of the image 1s changed 1s longer than the
interval threshold value and (11) the percentage of the pixels
having grayscale levels within the flickering grayscale range
1s lower than the first threshold value (30%) (No 1n S3), the
control mformation output section 36 does not output the
grayscale level and luminance control information (S4).
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In a case where (1) the interval between points in time at
which the content of the image 1s changed 1s longer than the
interval threshold value and (11) the percentage of the pixels
having grayscale levels within the flickering grayscale range
1s equal to or higher than the first threshold value (30%) (Yes
in S3), the control information output section 36 outputs the
grayscale level and luminance control information (S5).

(Eflect of Display Device 1)

Flicker, whose recognizability greatly depends on a gray-
scale level, tends to be remarkably easily recognizable when
the grayscale level 1s an itermediate grayscale level (rec-
ognizable on the lower grayscale level side especially at an
intermediate grayscale level equal to or higher than gray-
scale level 10). In view of this, according to Embodiment 1,
in a case where the image determining section 35 determines
that an 1mage 1s a flickering 1image, the control information
output section 36 outputs the grayscale level control infor-
mation so as to control the grayscale level control section 80
so that a grayscale level of the image 1s increased. This
prevents recognizability of flicker due to an image that
includes a large number of pixels having grayscale levels
talling within the tlickering grayscale range.

A flickering grayscale level 1s constant regardless of a BL
luminance. Note, however, that flicker tends to be hardly
recognizable to human eyes in a case where the BL lumi-
nance 1s low. In view of this, according to Embodiment 1, in
a case where the 1image determining section 35 determines
that an 1mage 1s a flickering 1image, the control information
output section 36 outputs the luminance control information
so as to control the BL control section 90 so that the
luminance 1s lowered. This can prevent recognizability of
flicker due to a high BL luminance.

Further, as described earlier, the grayscale level (i.e., a
transmittance of a pixel) 1s increased and the BL luminance
is lowered (e.g., a BL luminance of 300 cd/m* and grayscale
level 60 are changed to a BL luminance of 150 cd/m” and
grayscale level 120, respectively), so that each pixel is
prevented from changing in front luminance before and after
a change in grayscale level and BL luminance. Thus, a
deterioration 1n display quality can also be prevented.

Meanwhile, flicker, whose recogmizability also greatly
depends on a drive frequency, tends to be remarkably easily
recognizable as a refresh rate 1s lowered. Thus, 1n a case
where the grayscale level and luminance control information
1s outputted, the display section 10 1s normally highly likely
to be subjected to low refresh driving. The display section 10
which 1s subjected to low refresh driving i1s driven at low
clectric power, and electric power consumed by the BL 1s
more dominant than the electric power at which the display
section 10 1s driven. In view of this, according to Embodi-
ment 1, 1n a case where the image determining section 35
determines that an 1mage 1s a flickering image (in this case,
it 1s normally considered that the display section 1s subjected
to low refresh driving), the BL luminance 1s lowered. This
makes 1t possible to obtain not only an effect, yielded by low
refresh driving, of reducing electric power consumption, but
also an eflect, yielded by lowering of the BLL luminance, of
reducing electric power consumption. Such a configuration
as described above makes it possible to suppress electric
power consumption as well as display an 1mage with excel-
lent quality.

(Modification 1)

A single picture element includes R, G, and B pixels. In
the example above, the 1image determining section 33 deter-
mines the percentage of pixels, of all pixels 1n an 1mage,
which have grayscale levels within the flickering grayscale
range, regardless of colors of the pixels (RGB).
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Alternatively, the 1mage determining section 35 can (1)
determine respective percentages of R, G, and B pixels

having grayscale levels within a flickering grayscale range
and (11) determine respective weighted values of the per-
centages. In such a case, the image determining section 35
determines whether or not a sum of the weighted values 1s
equal to or higher than a predetermined threshold value.
Degrees to which an ordinary person can recognize (visually
sense) R, G, and B colors are said to be 1n a ratio of 3:6:1.
That 1s, an ordinary person clearly recognizes G (green)
pixels. This means that flicker 1s easily recogmizable 1f a
large number of G pixels have grayscale levels within the
flickering grayscale range. Therefore, the 1image determining
section 35 determines (1) a percentage Rr of R (red) pixels,
of all R pixels 1n a predetermined region of the image, which
have grayscale levels within the tlickering grayscale range,
(11) a percentage Rg of G pixels, of all G pixel i the
predetermined region, which have grayscale levels within
the flickering grayscale range, and (111) a percentage Rb of
B pixels, of all B pixels in the predetermined region, which
have grayscale levels within the tlickering grayscale range.
Then, the image determining section 35 determines, as the
sum of the weighted values, a value obtained by (3xRr)+
(6xRg)+(1xRb). In a case where the sum 1s equal to or
higher than a predetermined threshold value (e.g. a value
obtained by (3+6+1)x30[%]), the 1mage determining section
35 can determine that flicker 1s easily recognizable 1n the
image.

Alternatively, whether or not flicker 1s easily recognizable
in an 1mage can be determined by the image determining
section 35, based on luminances Y of respective picture
clements determined from R, G, and B grayscale levels.
Specifically, the image determiming section 35 determines
the luminances Y of the respective picture elements where,
for example, luminance Y=R grayscalex0.29891+G gray-
scalex0.58661+B grayscalex0.11448. In a case where a
luminance Y of a corresponding one of the picture elements
talls within a predetermined range (e.g. 20 to 80), the image
determining section 33 can determine that pixels included 1n
the picture element have grayscale levels within the flick-
ering grayscale range. That 1s, 1n a case where a {irst
threshold value (30%) or a higher percentage of picture
clements have luminances Y {falling within the predeter-
mined range, 1n order that flicker 1s prevented from being
recognized, a grayscale level of the image 1s increased, and
a BL luminance 1s lowered. In such a case, since the image
determining section 35 only needs to store a histogram
indicative of luminances Y of the picture elements, a storage
capacity only needs to be approximately 15 of a storage
capacity required 1n a case where the 1image determining
section 35 stores a histogram indicative of grayscale levels
of the respective pixels.

Embodiment 2

(Image Determining Method 1)

In Embodiment 1, what 1s determined 1s the percentage of
pixels, of all the pixels included in an 1mage, which have
grayscale levels falling within a predetermined range. Alter-
natively, it 1s possible to determine the percentage of pixels,
of all pixels included 1n part of an 1mage, which have
grayscale levels falling within a predetermined range.

(a) and (b) of FIG. 6 are views 1illustrating screens of
respective display devices. Uniformity across capacitances
of respective pixels depends on a production process. There-
fore, a region of a screen of a display device, which region
includes pixels having non-uniform capacitances, tends to
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be concentrated 1n a certain region. In the example of the
display device 1n (a) of FIG. 6, for example, a region 12,
which includes pixels having non-uniform capacitances, 1s
located at a central part of a screen 11a. In the example of
the display device i (b) of FIG. 6, a region 12, which
includes pixels having non-uniform capacitances, 1s located
at a lower part of a screen 115. That 1s, even 1n a case where
an entire part of a screen displays an 1image having uniform
grayscale levels, (1) flicker in the example shown i1n (a) of
FIG. 6 1s easily recognizable at the central part of the screen
11a and (1) flicker 1n the example shown 1n (b) of FIG. 6 1s
casily recognizable in the lower part of the screen 115.

Therefore, 1t 1s to be determined whether or not pixels
having such grayscale levels that cause flicker to easily
occur are distributed throughout a region of the image,
which region corresponds to the region 12 including pixels
having non-uniform capacitances. This makes it possible to
determine whether or not the flicker easily occurs in the
1mage.

According to the display device illustrates 1n (a) of FIG.
6, an 1mage determiming section 35 (region specilying
section) speciiies, as a predetermined analysis region 13, a
partial region located at the central part of the image.
According to the display device 1illustrated in (b) of FIG. 6,
an 1mage determining section 33 specifies, as a predeter-
mined analysis region 13, a partial region located at the
lower part of the image. Each of the respective analysis
regions 13 of (a) and (b) of FIG. 6 includes a region
corresponding to the region 12. The i1mage determining
section 35 determines whether or not a first threshold value
(e.g. 30%) or a higher percentage of pixels, of all the pixels
in the analysis region 13, have grayscale levels falling within
a tlickering grayscale range (e.g. 1n a range ol range of
grayscale level 20 to grayscale level 80).

The percentage of pixels having intermediate grayscale
levels 1s thus determined only 1n a partial region of the
image, which partial region corresponds to a region of a
screen, which region causes flicker to easily occur. This
allows for a reduction in amount of process of determining
grayscale levels of pixels. In addition, 1t 1s possible to reduce
a storage capacity that 1s required for a histogram.

(Image Determining Method 2)

Alternatively, whether or not an 1image includes a region
in which tlicker easily occurs can be determined by deter-
mimng whether or not the image includes a region that
matches a predetermined pattern.

(a) of FIG. 7 1s a view 1llustrating a predetermined pattern
15. The pattern 15 1s a rectangular pattern made up of 3
linesx6 rows of pixels. The number “1” indicates that a
corresponding pixel has a grayscale level falling within a
flickering grayscale range (range of grayscale level 20 to
grayscale level 80). The number “0” indicates that a corre-
sponding pixel has a grayscale level falling outside the
flickering grayscale range. That 1s, the pattern 15 1s a pattern
made up of pixels which have grayscale levels within the
flickering grayscale range and which are two-dimensionally
arranged.

(b) and (¢) of FIG. 7 are views each illustrating a
grayscale map indicative of grayscale levels of respective
pixels in an 1mage. The 1mage determining section 35 (i)
determines whether or not pixels 1n 1images have grayscale
levels within a flickering grayscale range and (11) generates
respective grayscale maps 16a and 16b. In each of the
grayscale maps 16a and 165, pixels having grayscale levels
within the flickering grayscale range are indicated as “17,
whereas pixels having grayscale levels outside the flickering
grayscale range are indicated as “0.”
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As shown by the grayscale map 165 1n (¢) of FIG. 7, even
in a case where a large number of pixels have grayscale
levels within the flickering grayscale range, flicker 1s hardly
recognizable 11 such pixels are sparsely dispersed. As shown
by the grayscale map 16a 1n (b) of FIG. 7, 1n a case where
a region 1s locally present 1n which pixels having grayscale
levels within the flickering grayscale range are closely
distributed, then flicker 1s easily recognizable even 1f a small
percentage of pixels of the entire pixels have grayscale
levels within the flickering grayscale range. In other words,
if pixels having grayscale levels within the flickering gray-
scale range are concentrated in an area that 1s equal to or
larger than a certain region, then flicker 1s more easily
recognizable.

The image determiming section 35 determines whether or
not each of the grayscale maps 16a and 165 includes a
region that matches the predetermined pattern 15. The
control 1information output section 36 outputs a grayscale
level and luminance control signal in accordance with
whether or not the image includes the region matching the
pattern 15.

The grayscale map 16a of a given 1image includes a region
17 that matches the pattern 15. Therelfore, the 1mage corre-
sponding to the grayscale map 16a causes tlicker to easily
occur. Therefore, the control information output section 36
determines that the grayscale level and luminance control
signal 1s to be outputted. The grayscale map 165 of another
image 1ncludes no region that matches the pattern 15.
Therefore, the 1mage corresponding to the grayscale map
166 causes flicker to hardly occur. Therefore, the control
information output section 36 determines that the grayscale
level and luminance control signal 1s not to be outputted.

It 1s thus determined according to whether or not an 1mage
includes a region that matches the predetermined pattern 15
whether or not the grayscale level and luminance control
signal 1s to be outputted. Therefore, prevention of recogni-
tion of flicker and maintenance of display quality can be
achieved by (1) increasing a grayscale level of an 1image (e.g.
image 1n (b) of FIG. 7) having a local region 1n which flicker
1s easily recognizable and (11) lowering a BL luminance. In
addition, occurrence of a wasteful process 1s prevented by
carrying out no grayscale level and luminance control with
respect to an 1image (e.g. 1image in (¢) of FIG. 7) (1) which
includes a large number of pixels having grayscale levels
within the flickering grayscale range and (11) in which flicker
1s hardly recognizable.

Alternatively, it 1s possible that, even in a case where a
matching rate by which a region included in the image
matches the pattern 15 1s not 100%, the control information
output section 36 determines that the grayscale level and
luminance control signal 1s to be outputted if the matching
rate 1s equal to or higher than a predetermined matching rate
(e.g. 80%).

Note that in the above described examples, pattern match-
ing 1s carried out regardless of colors of the pixels. Alter-
natively, 1t 1s possible to carry out pattern matching for each
picture element. Specifically, the image determining section
35 can (1) generate a grayscale map 1indicative of whether or
not luminances Y of respective picture elements fall within
a predetermined range and (11) determine whether or not a

predetermined pattern constituted by the plurality of picture
clements matches an 1image. Alternatively, the image deter-
mining section 35 can (1) generate grayscale maps corre-
sponding to respective R, GG, and B colors of a single image
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and (11) determine whether or not each of the grayscale maps
of the respective colors matches a predetermined pattern.

Embodiment 3

According to Embodiment 3, an image determining sec-
tion and a control information output section for determining,
whether or not to carry out grayscale level and luminance
control are provided 1n a substrate other than a host control
section.

(Configuration of Display Device 2)

FIG. 9 1s a block diagram 1llustrating a configuration of a
display device 1n accordance with Embodiment 3. A display
device 2 includes a display section 10, a display driving
section 40, a display control section 50 (control device), a
host control section 60, a grayscale level control section 80,
and a BL control section (backlight control section) 90.

As with Embodiment 1, the display driving section 40 1s
a COG driver mounted on a glass substrate of the display
section 10 by use of the COG technique, and drives the
display section 10. The host control section 60 1s a control
substrate configured by a control circuit provided on a
substrate, and 1s a main component for controlling a host
side of the display device 2. The display control section 50
1s a control substrate provided apart from the host control
section 60 for processing a displayed image and the like.
According to Embodiment 3, it 1s the display control section
50 that determines whether or not to carry out grayscale
level and luminance control. This allows for a reduction 1n
load of the host control section 60, and therefore makes it
possible to secure performance of the host control section 60
for carrying out a process other than displaying an image.

(Configuration of Host Control Section 60)

The host control section 60 includes a screen rewriting
detection section 61, a CPU 62, a host memory 33, and a
host TG 34.

The screen rewriting detection section 61 may or may not
evaluate an 1nterval between points 1in time at which content
of an 1mage 1s changed and then notity the display control
section 50 of the interval. For example, the evaluation of the
interval can be carried out on a display-control-section-50
side. Any other process of the screen rewriting detection
section 61 1s carried out as 1s the case of the screen rewriting
detection section 31 of Embodiment 1.

The CPU 62 carries out processes similar to those carried
out by the CPU 32 of Embodiment 1 except that the CPU 62
does not supply 1mage data to an image determining section.

Only 1 a case where a displayed image needs to be
rewritten, the host TG 34 transfers image data on the image
to the display control section 50.

(Configuration of Display Control Section 350)

The display control section 50 includes an image pro-
cessing section 31, an 1mage determining section 52, a
control information output section 53, a memory 21, and a
TG 22.

The 1mage processing section 51 subjects, to 1mage pro-
cessing such as color adjustment, the image data received
from the host control section 60. The 1mage processing
section 51 then writes, into the memory 21, the image data
which has been subjected to the image processing.

When the image data stored in the memory 21 1s rewrit-
ten, the 1image determining section 52 obtains the 1mage data
from the memory 21. The image determining section 52
determines whether or not an 1image based on the image data
1s an 1mage 1n which thicker easily occurs. The determining
process of the image determining section 32 1s similar to the
process described 1n the preceding embodiments. The image
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determining section 52 then supplies a determined result to
the control information output section 53. The 1mage deter-

mining section 52 (rewriting detection section) can also (1)
evaluate an 1nterval between points in time at which content
of the image 1s changed and (11) supply data on the interval
to the control information output section 53.

The control mformation output section 53 sets a retfresh
rate at which to drive the display section 10, and notifies the
TG 22 of the refresh rate. In accordance with a result of the
determination by an i1mage determining section 35, the
control information output section 53 supplies, to the gray-
scale level control section 80, grayscale level control infor-
mation for causing the grayscale level control section 80 to
carry out control for increasing a grayscale level of an image
for which 1t has been determined that the image 1s a
flickering 1image, and supplies, to the BL control section 90,
luminance control information for causing the BL control
section 90 to carry out control for lowering a BL luminance.

The grayscale level control section 80 which has received
the 1mage rewriting flag (1indicating that image rewriting has
been carried out) and the grayscale level control information
from the control information output section 53 reads out
image data recorded 1n the memory 21, and transmits, to the
TG 22, the image data whose grayscale level 1s increased by
a predetermined amount. Meanwhile, the grayscale level
control section 80 which has received the image rewriting
flag (indicating that image rewriting has been carried out)
but has not received the grayscale level control information
transmits, directly to the TG 22, image data read out from the
memory 21.

The BL control section 90 which has received the image
rewriting flag (indicating that image rewriting has been
carried out) and the luminance control information from the
control information output section 53 lowers a BL lumi-
nance of the display section 10 by a predetermined amount.
Meanwhile, the BL control section 90 which has received
the 1mage rewriting tlag (indicating that image rewriting has
been carried out) but has not received the luminance control
information sets the BL luminance of the display section 10
at a predetermined set value.

The TG 22 (i) receives the image data from the grayscale
level control section 80 and (1) transfers the image data to
a source driver 23 of the display driving section 40 1n
accordance with the refresh rate instructed by the control
information output section 33. Note that the TG 22 trans{ers,
in line with the refresh rate, the image data to the display
driving section 40 regardless of whether or not an 1mage
stored 1n the memory 21 has been rewritten.

The display driving section 40 includes the source driver
23. A configuration of the source driver 23 1s similar to that
in Embodiment 1.

Embodiment 4

According to Embodiment 4, an 1image determining sec-
tion and a control information output section for determining
whether or not to carry out grayscale level and luminance
control are provided 1n a display driving section which 1s a
COG dniver.

(Configuration Display Device 3)

FIG. 10 1s a block diagram 1llustrating a configuration of
a display device i accordance with Embodiment 4. A
display device 3 includes a display section 10, a display
driving section 70 (control device), a host control section 60,
a grayscale level control section 80, and a BL control section
(backlight control section) 90. A configuration of the host
control section 60 1s similar to that in Embodiment 3. Only
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in a case where a displayed 1mage needs to be rewritten, the
host control section 60 transiers image data on the 1image to
the display driving section 70.

The display driving section 70 1s a COG driver mounted
on a glass substrate of the display section 10 by use of the
COG techmque, and drnives the display section 10. The
display driving section 70 includes an image determining
section 52, a control information output section 53, a
memory 21, a TG 22, and a source driver 23. Operations of
the members includes 1n the display driving section 70 are
similar to those described 1n Embodiment 3.

According to Embodiment 4, it 1s the COG driver (display
driving section 70) that determines whether or not to carry
out grayscale level and luminance control. This makes 1t
possible to reduce a load of the host control section 60
without providing a substrate 1n addition to the host control
section 60. Note that a surface area by which the COG driver
1s mounted on an active matrix substrate 1s limited. There-
fore, Embodiment 4 1s suitable for a case where the 1mage
determining section 32 and the control information output
section 33 carry out a simple determining process.

Embodiment 5

A display device 4 of Embodiment 5 differs from the
display device 1 of Embodiment 1 1n that the display device
4 further includes an 1lluminance sensing section 100 and a
grayscale range control section 110. Note that Embodiment
S realizes an aspect obtained by adding the illuminance
sensing section 100 and the grayscale range control section
110 to the display device 1 of Embodiment 1. Alternatively,
Embodiment 5 may realize an aspect obtained by adding the
illuminance sensing section 100 and the grayscale range
control section 110 to each of the display device 2 and the
display device 3, which are described earlier.

(Configuration of Display Device 4)

FIG. 11 1s a block diagram illustrating a configuration of
a display device in accordance with Embodiment 5. The
display device 4 1s 1dentical to the display device 1 1n
configuration other than those of the i1lluminance sensing
section 100 and the grayscale range control section 110. The
illuminance sensing section 100, which 1s, for example, an
illuminance sensor, senses an 1lluminance of an area around
the display device 4.

An ambient i1lluminance and a flickering grayscale range
have a correlation therebetween. In a case where a surround-
ing area 1s bright, flicker tends to be hardly recognizable. In
view of this, in a case where the grayscale level and
luminance control (described earlier) 1s more minutely car-
ried out by use of brightness information from the 1llumi-
nance sensing section 100, it 1s possible to further reduce
tlicker.

Here, as illustrated 1n (a) and (b) of FIG. 8, recognizability
of flicker 1s subjectively evaluated under the following
conditions (1) to (3):

(1) darkroom (0 Ix)+maximum brightness (400 cd/m>;
condition under which flicker 1s most easily recognizable)

(2) 1indoors (600 1x)+automatically-controlled brightness
(140 cd/m?*; condition of normal use)

(3) outdoors (2000 Ix)+maximum brightness (400 cd/m>;
condition under which flicker 1s hardly recognizable)

Under the condition (1), a percentage of pixels which
have grayscale levels falling within a range of grayscale
level 20 to grayscale level 80 1s high (equal to or higher than
30%), flicker 1s recognizable, and a percentage of pixels
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which have grayscale levels falling within a range of gray-
scale level 24 to grayscale level 76 1s high, flicker 1s
annoying.

Under the condition (2), a percentage ol pixels which
have grayscale levels falling within a range of grayscale
level 24 to grayscale level 76 1s high (equal to or higher than
30%), flicker 1s recognizable, and a percentage of pixels
which have grayscale levels falling within a range of gray-
scale level 28 to grayscale level 68 1s high, flicker 1s
annoying.

Under the condition (3), no thcker i1s recognizable.

As 1llustrated 1n (a) of FIG. 8, 1n a case where an ambient
illuminance 1s higher, an upper-limit flickering grayscale
level 1n the flickering grayscale range tends to shift to a
lower level, and a lower-limit flickering grayscale level 1n
the tlickering grayscale range tends to shift to a higher level.

For a flickering range during normal use, a range in which
flicker 1s recognizable less varies. Meanwhile, a range 1n
which flicker 1s annoying greatly varies 1n accordance with
an individual difference, ambient brightness, and/or a BL
luminance.

In view of the above, the grayscale range control section
110 1s configured to change at least one of the upper-limit
flickering grayscale level and the lower-limit flickering
grayscale level in the flickering grayscale range 1n accor-
dance with a result of sensing of the ambient i1lluminance.

With the configuration, proper setting of the upper-limit
flickering grayscale level and/or the lower-limit flickering
grayscale level in the flickering grayscale range by an
experiment or the like can prevent a process that 1s carried
out with respect to a flickering 1image from being carried out
with respect to an 1image 1n which no tlicker 1s recogmized by
(annoying to) a user. Thus, no unnecessary process needs to
be carried out, so that still lower electric power consumption
can be achieved.

According to the preceding embodiments, 1n a case where
the 1mage determining section 35 determines that an 1image
1s a flickering image, the control information output section
36 outputs the grayscale level control information so as to
control the grayscale level control section 80 so that a
grayscale level of the image 1s increased. This prevents
recognizability of flicker due to an image that includes a
large number of pixels having grayscale levels falling within
the flickering grayscale range. Alternatively, recognizability
of tlicker may also be prevented by lowering the grayscale
level as 1llustrated in FIG. 2. In a case where a surrounding
area 1s dark, darkness of a screen 1s less annoying. Further,
an 1ncrease in BL luminance can prevent each pixel from
changing 1n front luminance before and after a change 1n
grayscale level and BL luminance. For example, 1t 1s pos-
sible to carry out a process 1 which pixels having high
grayscale levels falling within the flickering grayscale range
are shifted to higher grayscale levels and pixels having low
grayscale levels falling within the flickering grayscale range
are shifted to lower grayscale levels.

According to the preceding embodiments, 1n a case where
the image determining section 35 does not determine that an
image 1s a tlickering 1mage, the control information output
section 36 does not output the grayscale level and the
luminance control information. Alternatively, the control
information output section 36 may be configured to output
information indicative of no change 1n grayscale level and
luminance.

Embodiment 6

The following description will discuss a further embodi-
ment of the present invention. For convenience, members
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similar 1 function to those described i the foregoing
embodiment(s) will be given the same reference signs, and
their description will be omitted. According to Embodiment
6, an 1image determining section and a display mode switch-
ing section are provided in a substrate other than a host
control section. Further, according to Embodiment 6, 1n
order that recogmition of flicker 1s prevented, an 1mage is
displayed by a pseudo dot mnversion technique in which
image processing 1s used.

(Configuration of Display Device 5)

FI1G. 12 1s a block diagram 1illustrating a configuration of
a display device in accordance with Embodiment 6. A
display device 5 includes a display section 10, a display
driving section 40, a display control section 50 (control
device), and a host control section 60.

As with Embodiment 1, the display driving section 40 1s
a COG driver mounted on a glass substrate of the display
section 10 by use of the COG technique, and drives the
display section 10. The host control section 60 1s a control
substrate configured by a control circuit provided on a
substrate, and 1s a main component for controlling a host
side of the display device 5. The display control section 50
1s a control substrate provided apart from the host control
section 60 for processing a displayed image and the like.
According to Embodiment 6, it 1s the display control section
50 that determines a display mode and carries out image
processing 1n accordance with the display mode. This allows
for a reduction 1n load of the host control section 60, and
therefore makes 1t possible to secure performance of the host
control section 60 for carrying out a process other than
displaying an image.

The display driving section 40 includes a source driver 23.

(Configuration of Host Control Section 60)

The host control section 60 includes a screen rewriting
detection section 61, a CPU 62, a host memory 33, and a
host TG 34.

The screen rewriting detection section 61 may or may not
evaluate an 1nterval between points 1in time at which content
of an 1mage 1s changed and then notity the display control
section 50 of the interval. For example, the evaluation of the
interval can be carried out on a display-control-section-50
side. Any other process of the screen rewriting detection
section 61 1s carried out as 1s the case of the screen rewriting
detection section 31 of Embodiment 1.

The CPU 62 carries out processes similar to those carried
out by the CPU 32 of Embodiment 1 except that the CPU 62
does not supply display data to an i1mage determining
section.

Only 1 a case where a displayed image needs to be
rewritten, the host TG 34 transiers display data on the image
to the display control section 50.

(Configuration of Display Control Section 350)

The display control section 50 includes an image pro-
cessing section 51 (grayscale level control section), an
image determining section 52, a display mode switching
section 54 (control mnformation output section), a memory
21, and a TG 22.

The 1mage determiming section 52 which has received the
display data from the host control section 60 determines
whether or not an 1image based on the display data 1s an
image which has a characteristic of causing flicker to be
casily recognizable. The determining process of the image
determining section 52 1s similar to the process described 1n
the preceding embodiments. The image determining section
52 then supplies a determined result to the display mode
switching section 54. The image determining section 52
(rewriting detection section) can also (1) evaluate an interval
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between points 1n time at which content of the image 1s
changed and (11) supply data on the interval to the display
mode switching section 34.

The display mode switching section 54 determines a
display mode 1n accordance with a result of determination
by the image determining section 52. In a case where the
image determining section 52 determines that an 1mage has
no characteristic of causing flicker to be easily recognizable,
the display mode switching section 34 determines that the
image 1s to be displayed in a first display mode during a
period 1n which the image 1s displayed. Meanwhile, 1n a case
where the 1mage determining section 52 determines that an
image 1s a flickering image which has a characteristic of
causing tlicker to be easily recognizable, the display mode
switching section 54 determines that the image 1s to be
displayed 1n a second display mode during a period 1n which
the image 1s displayed. According to Embodiment 6, the first
display mode 1s a display mode 1 which no pseudo dot
inversion process 1s carried out, and the second display
mode 1s a display mode in which a pseudo dot inversion
process 1s carried out. In order that image processing 1s
carried out 1n accordance with the determined display mode,
the display mode switching section 54 instructs the image
processing section 51 on the display mode. That 1s, 1n a case
where 1t 1s determined that an 1mage 1s a flickering 1mage,
the display mode switching section 54 supplies, to the image
processing section 51, grayscale level control information
for carrying out control so as to change, by the pseudo dot
iversion process, a pixel 1n which flicker 1s easily recog-
nizable.

In accordance with the display mode, the image process-
ing section 31 carries out the pseudo dot mnversion process
(1mage processing) with respect to the display data received
from the host control section 60. In the first display mode,
the 1mage processing section 51 does not carry out the
pseudo dot inversion process. Meanwhile, in the second
display mode, the 1mage processing section 51 carries out
the pseudo dot mversion process.

The following description discusses the second display
mode (pseudo dot inversion process). The image processing
section 51 detects, for each of R, G, and B colors, a region
which has a size equal to or larger than a predetermined size
and 1n which grayscale levels of display data corresponding
to a plurality of pixels are identical and fall within a
predetermined {irst range (range ol grayscale level 20 to
grayscale level 80). A region in which pixels which have
grayscale levels falling within the first range gather so as to
have a size equal to or larger than a predetermined size 1s a
region which causes flicker to be easily recognizable. The
image processing section 51 carries out the 1image process-
ing (pseudo dot inversion process) with respect to the
display data so that the grayscale levels 1in the detected
region (target region) are discontinuous 1 a row direction
and/or a column direction so as to be checkered.

(a) of FIG. 13 illustrates a change, caused by the pseudo
dot inversion process, 1n grayscale level of display data, and
(b) of FIG. 13 illustrates a change in luminance factor of a
corresponding pixel. FIG. 13 focuses on only R pixels. In
display data, assume that R pixels in a target region have a
grayscale level of 50. Unless the pseudo dot inversion
process 1s carried out with respect to display data which has
a grayscale level of 50, a corresponding pixel has a lumi-
nance factor (or transmittance) of 10%. The luminance

factor 1s a percentage (%) of luminances assuming that a
minimum luminance 1s 0% and a maximum luminance 1s

100%.
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According to the pseudo dot inversion process, a process
such as dithering or error diflusion 1s carried out with respect
to a target region 1n display data, and 1mage processing 1s
carried out so that grayscale level values are discontinuously
arranged 1n a row direction and a column direction so as to
be checkered. Assume, for example, that the target region in
the display data has a grayscale level of 50 falling within the
first range (range of grayscale level 20 to grayscale level 80).
In this case, for the target region, grayscale levels corre-
sponding to respective pixels PIX1 and PIX4 are increased,
and grayscale levels corresponding to respective pixels PIX2
and PIX3 each adjacent to the pixel PIX1 are lowered. That
1s, grayscale levels of a plurality of pixels 1n the display data
which grayscale levels fall within the first range (range of
grayscale level 20 to grayscale level 80) are changed to high
grayscale levels (grayscale level 81 to grayscale level 255)
and/or low grayscale levels (grayscale level 0 to grayscale
level 19) each falling outside the first range. This allows a
reduction 1n number of pixels which have grayscale levels
talling within the first range and which cause tlicker to be
casily recognizable.

In a case where the pseudo dot inversion process 1s carried
out, bright pixels having a luminance factor of 20% (the
pixels PIX1 and PIX4) and dark pixels having a luminance
tactor of 0% (the pixels PIX2 and PIX3) are arranged 1n a
checkered pattern. In this case, according to the display data
which has been subjected to the pseudo dot inversion
process (change 1n grayscale level), pixels having a gray-
scale level of 130 corresponding to a luminance factor of
20% and pixels having a grayscale level of 0 corresponding
to a luminance factor of 0% are arranged 1n a checkered
pattern. The target region which has been subjected to the
pseudo dot inversion process has a luminance factor of 10%
on average.

In a case where a change in grayscale level (1mage
processing) 1s carried out as described earlier so that (1) an
average of luminances of the pixel PIX1 and the pixel PIX2
which luminances are obtained in a case where the pseudo
dot inversion process 1s carried out with respect to the
display data (in the second display mode) and (11) a lumi-
nance of the pixel PIX1 which luminance 1s obtained in a
case where no pseudo dot 1nversion process 1s carried out
with respect to the display data (in the first display mode) are
equal to each other, 1t 1s possible to prevent a change 1n front
luminance before and after change 1n grayscale level. Note,
however, that the change 1n front luminance before and after
change 1n grayscale level may be controlled to a level that
1s not strict but permissible.

Embodiment 6 discusses a case where the target region in
the display data has a uniform grayscale level. Note, how-
ever, that, even 1n a case where the target region has a
grayscale level that slightly varies, such as a gradation, 1t 1s
only necessary to carry out a change in grayscale level so
that (1) the target region which has not been subjected to the
change and the target region which has been subjected to the
change are equal 1n average luminance and (11) grayscale
levels (brightness and darkness) are distributed 1n a check-
cred pattern (dithering pattern).

(Eflect of Display Device 3)

As described earlier, the 1mage processing section 51
changes grayscale levels of a plurality of pixels i the
display data which grayscale levels fall within the first range
(range of grayscale level 20 to grayscale level 80) to high
grayscale levels (grayscale level 81 to grayscale level 255)
and/or low grayscale levels (grayscale level 0 to grayscale
level 19) each falling outside the first range. This allows a
reduction 1n number of pixels which have grayscale levels
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falling within the first range and which cause flicker to be
casily recognizable. Further, a region to be subjected to a
change 1n grayscale level has an average luminance that 1s
unchanged before and after the change 1n grayscale level.
Thus, 1t seems to a user as 1f an 1mage displayed in the
second display mode were 1dentical to an image displayed 1n
the first display mode. This allows the display device 3 to
prevent recognition of flicker while maintaining display
quality of an 1image.

Note that more electric power 1s consumed by carrying
out 1mage processing. According to Embodiment 6, the
display device 5 carries out the pseudo dot inversion process
only 1n a case where 1t 1s determined that an 1mage causes
flicker to be easily recognizable. This allows the display
device 5 to prevent recognition of tlicker while preventing
an increase 1n electric power consumption.

Note that the image processing section 51, which carries
out the pseudo dot imversion process and 1s described 1n
Embodiment 6, the image determining section 52 described
in Embodiment 6, and the display mode switching section 54
described in Embodiment 6 may be provided in the host
control section.

According to the preceding embodiments, 1n a case where
it 1s determined again, after grayscale levels are increased,
whether or not an 1mage 1s a flickering image and conse-
quently 1t 1s determined that the 1mage 1s a flickering 1mage,
it 1s possible to carry out a process for increasing the
grayscale levels again.

According to the preceding embodiments, 1n a case where
it 1s determined that an 1mage 1s a flickering 1mage, instead
of processing grayscale levels of all pixels 1 each of which
flicker 1s recognized, 1t 1s possible to partially process the
grayscale levels sufliciently enough for flicker to be not
recognizable. Such a case yields an effect of reducing a load
of image processing by a reduction in number of pixels to be
processed.

[Conclusion]

A control device 1n accordance with Aspect 1 of the
present invention 1s a control device for a display device (1,
2, 3, 4, or 35), the control device including: an 1mage
determining section (35) for determining whether or not an
image 1s a flickering image which has a characteristic of
causing flicker to be easily recogmizable; and a control
information output section (36) for, 1n a case where the
image determining section determines that the image 1s the
flickering 1mage, supplying, to a grayscale level control
section (80) for carrying out control for changing a grayscale
level of the tlickering 1mage, grayscale level control infor-
mation for causing the grayscale level control section to
carry out control for increasing or lowering a grayscale level
ol at least one pixel 1n which the tlicker 1s easily recogniz-
able.

A display device control method in accordance with
Aspect 14 of the present imnvention 1s a method for control-
ling a display device, the method including the steps of: a)
determining whether or not an 1mage 1s a flickering 1image
which has a characteristic of causing flicker to be easily
recognizable; and b) 1n a case where 1t 1s determined 1n the
step a) that the image 1s the flickering 1mage, supplying, to
a grayscale level control section for carrying out control for
changing a grayscale level of the flickering image, grayscale
level control information for causing the grayscale level
control section to carry out control for increasing or lower-
ing a grayscale level of a pixel 1n which the flicker 1s easily
recognizable.

Flicker, whose recognizability greatly depends on a gray-
scale level, tends to be remarkably easily recognizable when
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the grayscale level 1s an mtermediate grayscale level (rec-
ognizable on the lower grayscale level side especially at an
intermediate grayscale level equal to or higher than gray-
scale level 10). In view of this, according to the configura-
tion or the method, 1n a case where the image determining
section determines that an 1image 1s a flickering 1image, the
control information output section outputs the grayscale
level control information so as to control the grayscale level
control section so that a grayscale level of a pixel 1n which
flicker 1s easily recognizable 1s increased or lowered. This
prevents recognizability of flicker due to an image that
includes a large number of pixels having grayscale levels
falling within a flickering grayscale range.

In Aspect 2 of the present invention, the control device in
accordance with Aspect 1 of the present invention may be
configured such that, in a case where the 1image determining
section determines that the image 1s the flickering 1mage, the
control information output section supplies, to the grayscale
level control section for carrying out control for changing
the grayscale level of the flickering image, the grayscale
level control information for causing the grayscale level
control section to carry out control for increasing or lower-
ing a grayscale level of all or part of the image, the image
including the at least one pixel 1n which the flicker 1s easily
recognizable.

A thckering grayscale level 1s constant regardless of a
luminance of a backlight. Note, however, that flicker tends
to be hardly recognizable to human eyes 1n a case where a
BL luminance 1s low.

In Aspect 3 of the present invention, the control device in
accordance with Aspect 1 or 2 of the present invention may
be configured such that: the control device 1s a control
device for a display device including a backlight; and 1n a
case where the 1mage determining section determines that
the 1image 1s the tlickering image, the control information
output section supplies, to a backlight control section for
controlling a luminance of the backlight, luminance control
information for causing the backlight control section to carry
out control for lowering or increasing the luminance.

According to the configuration, 1n a case where the 1mage
determining section determines that an 1mage 1s a flickering
image, the control mformation output section outputs the
luminance control information so as to control the backlight
(hereinafter abbreviated as “BL”’) control section so that the
luminance 1s lowered. This can prevent recognizability of
flicker due to a high BL luminance.

Further, as described earlier, the grayscale level 1s
increased and the BL luminance 1s lowered, so that each
pixel 1s prevented from changing in front luminance before
and after a change in grayscale level and BL luminance.
Thus, a change 1n display quality can also be prevented.

Meanwhile, flicker, whose recognizability also greatly
depends on a drive frequency, tends to be remarkably easily
recognizable as a refresh rate 1s lowered. Thus, 1n a case
where the control information 1s outputted, a display section
1s normally highly likely to be subjected to low refresh
driving. The display section which 1s subjected to low
refresh driving 1s driven at low electric power, and electric
power consumed by the BL 1s more dominant than the
clectric power at which the display section 1s driven. In view
of this, according to the configuration or the method, 1n a
case where 1t 1s determined that an image 1s a flickering
image (1n this case, 1t 1s normally considered that the display
section 1s subjected to low refresh driving), the BL lumi-
nance 1s lowered. This makes it possible to obtain not only
an eflect, yielded by low refresh driving, of reducing electric
power consumption, but also an eflect, yielded by lowering
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of the BL luminance, of reducing electric power consump-
tion. Such a configuration as described above makes 1t
possible to suppress electric power consumption as well as
display an 1mage with excellent quality.

Note that each pixel can be similarly prevented from
changing 1n front luminance before and after a change 1n
grayscale level and BL luminance also in a case where the
grayscale level 1s lowered and the BL luminance 1is
increased.

In Aspect 4 of the present invention, the control device 1n
accordance with any one of Aspects 1 through 3 of the
present invention may be configured such that by determin-
ing whether or not a percentage of pixels, of a plurality of
pixels that are included 1n the at least one pixel 1n the 1mage,
which have grayscale levels falling within a flickering
grayscale range 1s equal to or higher than a first threshold
value, the tlickering grayscale range being a range of tlick-
ering grayscale levels that are set 1n advance as grayscale
levels which fall within a range of intermediate grayscale
levels and at each of which the flicker easily occurs, the
image determining section determines whether or not the
image 1s the flickering 1mage.

According to the configuration, a threshold value (the first
threshold value) 1s set for the percentage of the pixels having
grayscale levels within the tlickering grayscale range (such
pixels are hereinafter simply referred to as “flickering pix-
els). Thus, proper setting of the first threshold value by an
experiment or the like can prevent a process that 1s carried
out with respect to a flickering 1image from being carried out
with respect to an 1mage 1n which no flicker 1s recognized by
a user. Thus, no unnecessary process needs to be carried out,
so that still lower electric power consumption can be
achieved.

In Aspect 5 of the present invention, the control device 1n
accordance with Aspect 4 of the present invention may
turther 1include a grayscale range control section for chang-
ing at least one of an upper-limit tlickering grayscale level
and a lower-limit flickering grayscale level in the flickering
grayscale range 1n accordance with a result of sensing of an
illuminance of an area around the display device.

An ambient 1lluminance and a flickering grayscale range
have a correlation therebetween. In a case where a surround-
ing area 1s bright, flicker tends to be hardly recognizable.
Thus, 1n a case where the ambient 1lluminance 1s higher, an
upper-limit flickering grayscale level 1n the flickering gray-
scale range tends to shift to a lower level, and a lower-limit
flickering grayscale level in the flickering grayscale range
tends to shiit to a higher level. In view of this, according to
the configuration, the grayscale range control section
changes at least one of the upper-limit tlickering grayscale
level and the lower-limit flickering grayscale level 1n the
flickering grayscale range in accordance with a result of
sensing of the ambient 1lluminance. With the configuration,
proper setting of the upper-limit flickering grayscale level
and/or the lower-limit flickering grayscale level 1n the flick-
ering grayscale range by an experiment or the like can
prevent a process that i1s carried out with respect to a
flickering 1mage from being carried out with respect to an
image 1n which no flicker 1s recognized by a user. Thus, no
unnecessary process needs to be carried out, so that still
lower electric power consumption can be achieved.

In Aspect 6 of the present invention, the control device 1n
accordance with any one of Aspects 1 through 5 may be
configured such that in order to cause the display device to
display the 1image at a refresh rate that 1s equal to or lower




US 10,262,569 B2

27

than a predetermined refresh rate, the image determining
section determines whether or not the image 1s the flickering
1mage.

According to the configuration, in a case where the
predetermined refresh rate serving as a threshold against
which to determine whether or not flicker 1s easily recog-
nizable 1s properly set by an experiment or the like, deter-
mination of whether an 1mage 1s a tlickering 1image does not
need to be unnecessarily carried out with respect to a case
where the display section 1s driven at a refresh rate at which
a user recognizes no tlicker. This makes 1t possible to further
reduce electric power consumption.

In Aspect 7 of the present invention, the control device in
accordance with Aspect 3 of the present invention may be
configured such that the grayscale level control information
and the luminance control information each contain (1)
information on a degree of change 1n grayscale level which
change occurs when control for increasing the grayscale
level of the flickering 1image 1s carried out, the degree being
set so as not to change respective front luminances of a
plurality of pixels that are included 1n the image, the image
being displayed on the display device, and (11) information
on a degree of change 1n luminance which change occurs
when control for lowering the luminance of the backlight 1s
carried out.

According to the configuration, since a front luminance of
cach pixel 1s not changed, it 1s possible to display an 1image
with more excellent quality.

In Aspect 8 of the present invention, the control device in
accordance with each of Aspects 3 and 4 may be configured
such that: the control information output section does not
output the grayscale level control information and/or the
luminance control information 1n a case where the percent-
age of the pixels having grayscale levels within the flicker-
ing grayscale range 1s lower than the first threshold value;
and the control information output section outputs the gray-
scale level control information and/or the luminance control
information 1 a case where the percentage of the pixels
having grayscale levels within the flickering grayscale range
1s equal to or higher than the first threshold value.

According to the configuration, proper setting of the first
threshold value by an experiment or the like can prevent a
process that 1s carried out with respect to a flickering 1image
from being carried out with respect to an 1image in which no
flicker 1s recognized by a user. Thus, no unnecessary process
needs to be carried out, so that still lower electric power
consumption can be achieved.

In Aspect 9 of the present invention, the control device in
accordance with each of Aspects 3 and 4 may further
include: a rewriting detection section for evaluating an
interval between points 1n time where content of the image
1s changed, the control information output section not out-
putting the grayscale level control information and/or the
luminance control information 1n a case where the interval
1s equal to or shorter than a predetermined interval threshold
value, or 1n a case where the interval 1s longer than the
interval threshold value and the percentage of the pixels
having grayscale levels within the flickering grayscale range
1s lower than the first threshold wvalue, and the control
information output section outputting the grayscale level
control information and/or the luminance control informa-
tion 1n a case where the interval 1s longer than the interval
threshold value and the percentage of the pixels having
grayscale levels within the flickering grayscale range 1is
equal to or higher than the first threshold value.

According to the configuration, proper setting of the
interval threshold value by an experiment or the like can
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prevent a process that 1s carried out with respect to a
flickering 1mage from being carried out with respect to an
image which 1s displayed at an interval between points 1n
time where no tlicker 1s recognized by a user. Thus, no
unnecessary process needs to be carried out, so that still
lower electric power consumption can be achieved.

In Aspect 10 of the present invention, the control device
in accordance with Aspect 4 of the present invention may be
configured such that: a single picture element ncludes a
plurality of pixels of different colors; and the 1image deter-
mining section (1) determines, for each of the different
colors, a percentage of pixels, of all pixels that are included
in the at least one pixel 1n the 1mage, which have grayscale
levels falling within the flickering grayscale range, (11)
determines weighted values of the respective percentages,
(111) determines a sum of the weighted values, and (1v)
determines whether or not the sum 1s equal to or higher than
a second threshold value.

Human visual sensitivity generally varies depending on a
hue. Thus, 1n a case where a pixel having a hue that 1s high
in visual sensitivity 1s heavily weighted and a pixel having
a hue that 1s low 1n wvisual sensitivity 1s less heavily
weilghted, an 1mage can be determined in accordance with
human visual sensitivity. With this, since no unnecessary
process needs to be carried out with respect to a case where
no flicker 1s recognized depending on human visual sensi-
tivity, still lower electric power consumption can be
achieved.

In Aspect 11 of the present invention, the control device
in accordance with Aspect 4 of the present invention may be
configured such that: a single picture element includes a
plurality of pixels of different colors; and the 1mage deter-
mining section determines a luminance of the picture ele-
ment from grayscale levels of the plurality of pixels included
in the picture element, and, 1n a case where the luminance of
the picture element falls within a predetermined luminance
range, determines that the grayscale levels of the plurality of
pixels imncluded 1n the picture element fall within the tlick-
ering grayscale range.

According to the configuration, for example, the 1image
determining section which includes a storage section only
needs to store nformation on luminances of respective
picture elements. Thus, 1n this case, a storage capacity only
needs to be approximately 4 of a storage capacity required
in a case where the 1image determining section stores infor-
mation indicative of grayscale levels of the respective pixels.

In Aspect 12 of the present invention, the control device
in accordance with Aspect 4 of the present invention may be
configured such that: by determining whether or not the
image 1ncludes a predetermined pattern made up of the
pixels which have grayscale levels falling within the tlick
ering grayscale range, the image determining section deter-
mines whether or not the image 1s the flickering image.

In a case where a region 1s locally present 1n which pixels
having flickering grayscale levels are closely distributed,
then flicker 1s easily recognizable even 1f a small percentage
of pixels of the entire pixels have flickering grayscale levels.
In other words, if pixels having flickering grayscale levels
are concentrated 1n an area that 1s equal to or larger than a
certain region, then flicker 1s more easily recognizable. In a
case where pattern matching 1s carried out by patterning
such a locally present aggregate of pixels having flickering
grayscale levels, 1t can be determined that an 1image 1n which
a percentage of flickering pixels 1s small but flicker is
recognized due to presence of a locally present aggregate of
pixels having flickering grayscale levels 1s also a flickering
image.
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A display device 1n accordance with Aspect 13 of the
present imvention includes: a control device 1in accordance
with any one of Aspects 1 through 12; and a grayscale level
control section for, 1n response to the grayscale level control
information, carrying out control for changing a grayscale
level of the tlickering 1mage. The display device may further
include a backlight control section for, in response to the
luminance control information, carrying out control for
increasing or lowering a luminance of the backlight.

The configuration in which control 1s carried out so that
a grayscale level of a pixel 1s increased and a luminance of
a backlight 1s lowered makes it possible to suppress electric
power consumption as well as display an image with excel-
lent quality.

| Additional Remarks]

The present invention 1s not limited to the embodiments,
but can be altered by a skilled person 1n the art within the
scope of the claims. An embodiment derived from a proper
combination of technical means each disclosed 1n a different
embodiment 1s also encompassed in the technical scope of
the present invention. Further, it 1s possible to form a new
technical feature by combining the technical means dis-
closed 1n the respective embodiments.

INDUSTRIAL APPLICABILITY

The present invention can be used 1n a display device and
a control device of the display device. The present invention
1s suitable for, for example, a liquid crystal display device,
a host control section of the liquid crystal display device, a
liquid crystal driver of the liquid crystal display device, and
a liquad crystal driver controller (LCDC) of the liquid crystal
display device.

R.
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ERENCE SIGNS LIST

1,2,3,4,5 Display device

10 Display section

11a-11d Screen

13, 13a-13h  Analysis region

15 Pattern

16a, 16b Grayscale map

20, 40, 70 Display driving section (control device)
30, 60 Host control section (control device)
31, 61 Screen rewriting detection section
35,52 Image determining section

36, 53 Control information output section

50 Display control section (control device)

51 Image processing section (grayscale level control section)

54 Display mode switching section (control mformation output
section)

80 Grayscale level control section

90 Backlight control section

The 1nvention claimed 1s:
1. A control device for a display device, said control
device comprising:

image determining circuitry that determines whether or
not a percentage of pixels having grayscale levels
within a first grayscale level range out of a plurality of
pixels 1n one frame of 1mage data 1s equal to or higher
than a first threshold value, the first grayscale level
range being a predetermined grayscale level range
within a range ol intermediate grayscale levels, the
image data being data to be supplied to the display
device and indicative of grayscale levels of respective
pixels for each frame; and
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control information output circuitry that, in accordance
with a result of a determination made by the image
determining circuitry, supplies, to grayscale level con-
trol circuitry that controls changing a grayscale level 1n
the image data, grayscale level control information that
causes the grayscale level control circuitry to control
changing the grayscale level 1n the image data.

2. The control device as set forth 1n claim 1, wherein, 1n
a case where the 1mage determining circuitry determines that
the image data 1s image data in which the percentage of the
pixels having the grayscale levels within the first grayscale
level range 1s equal to or higher than the first threshold value,
the control information output circuitry supplies, to the
grayscale level control circuitry that controls changing the
grayscale level 1in the image data, the grayscale level control
information that causes the grayscale level control circuitry
to control increasing or lowering a grayscale level of all or
part of the image data, the image data including at least one
pixel 1n which thicker i1s easily recognizable.

3. The control device as set forth in claim 1, wherein 1n
order to cause the display device to display the image data
at a refresh rate that 1s equal to or lower than a predetermined
refresh rate, the image determining circuitry determines
whether or not the 1mage data 1s 1image data in which the
percentage of pixels having grayscale levels within the first
grayscale level range out of the plurality of pixels in the one
frame ol 1mage data 1s equal to or higher than the first
threshold value.

4. A control device for a display device, said control
device comprising:

image determining circuitry that determines whether or

not an 1mage 1s a flickering 1mage which has a char-
acteristic of causing fhicker to be easily recognizable;
and

control information output circuitry that, 1n a case where

the 1mage determining circuitry determines that the
image 1s the flickering image, supplies, to grayscale
level control circuitry that controls changing a gray-
scale level of the flickering image, grayscale level
control information that causes the grayscale level
control circuitry to control increasing or lowering a
grayscale level of at least one pixel in which the tlicker
1s easily recognizable, wherein:

in the case where the 1mage determining circuitry deter-

mines that the image 1s the flickering image, the control
information output circuitry supplies, to backlight con-
trol circuitry that controls a luminance of a backlight of
the display device, luminance control mnformation that
causes the backlight control circuitry to control the
luminance to be lower than a predetermined value.

5. The control device as set forth 1n claim 4, wherein the
grayscale level control information and the luminance con-
trol information each contain (1) information on a degree of
change 1n grayscale level which change occurs when control
for increasing the grayscale level of the flickering 1image 1s
carried out, the degree being set so as not to change
respective front luminances of a plurality of pixels that are
included 1n the image, the image being displayed on the
display device, and (11) information on a degree of change 1n
luminance which change occurs when control for lowering
the luminance of the backlight 1s carried out.

6. The control device as set forth 1n claim 4, wherein:

by determining whether or not a percentage of pixels of a

plurality of pixels that are included 1n the at least one
pixel in the image which have grayscale levels falling
within a flickering grayscale range 1s equal to or higher
than a first threshold value, the flickering grayscale
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range being a range of flickering grayscale levels that
are set 1n advance as grayscale levels which fall within
a range ol mtermediate grayscale levels and at each of
which the flicker easily occurs, the image determining
circuitry determines whether or not the image 1s the
flickering image;

the control information output circuitry does not output

the grayscale level control information and/or the lumi-

32

have grayscale levels falling within a flickering gray-
scale range 1s equal to or higher than a first threshold
value, the tlickering grayscale range being a range of
flickering grayscale levels that are set in advance as
grayscale levels which fall within a range of interme-
diate grayscale levels and at each of which the flicker
casily occurs, the 1image determining circuitry deter-
mines whether or not the 1image 1s the tlickering image.

nance control information in a case where the percent- 9. The control device as set forth in claim 8, further
age of the pixels having grayscale levels within the 10 comprising grayscale range control circuitry that, in a case
tflickering grayscale range 1s lower than the first thresh- where an 1lluminance of an area around the display device
old value; and has been sensed 1s higher than another 1lluminance that has
the control information output circuitry outputs the gray- not been sensed, lowers an upper-limit tlickering grayscale
scale level control information and/or the luminance level i the flickering grayscale range and increases a
control information 1n a case where the percentage of 15 lower-limit flickering grayscale level in the flickering gray-
the pixels having grayscale levels within the flickering scale range.
grayscale range 1s equal to or higher than the first 10. The control device as set forth in claim 8, wherein:

threshold value. a single picture element includes a plurality of pixels of
7. The control device as set forth in claim 4, further different colors; and
comprising; 20  the image determining circuitry (1) determines, for each of

rewriting detection circuitry that evaluates an interval
between points in time where content of the 1image 1s
changed, wherein

by determining whether or not a percentage of pixels of a
plurality of pixels that are included 1n the at least one 25
pixel 1n the 1mage which have grayscale levels falling
within a flickering grayscale range 1s equal to or higher
than a first threshold value, the flickering grayscale
range being a range of flickering grayscale levels that 11. The control device as set forth 1n claim 8, wherein:
are set 1n advance as grayscale levels which fall within 30 a single picture element includes a plurality of pixels of
a range ol mtermediate grayscale levels and at each of different colors; and
which the flicker easily occurs, the image determiming the 1image determining circuitry determines a luminance
circuitry determines whether or not the image 1s the of the picture element from grayscale levels of the

flickering image, plurality of pixels included 1n the picture element, and,
the control information output circuitry does not output 35 in a case where the luminance of the picture element
the grayscale level control information and/or the lumi- falls within a predetermined luminance range, deter-
nance control information in a case where the interval mines that the grayscale levels of the plurality of pixels
1s equal to or shorter than a predetermined interval included 1n the picture element fall within the flickering
threshold value, or 1n a case where the interval 1s longer grayscale range.
than the interval threshold value and the percentage of 40  12. The control device as set forth 1n claim 8, wherein:
the pixels having grayscale levels within the flickering by determining whether or not the image includes a
grayscale range 1s lower than the first threshold value, predetermined pattern made up of the pixels which
and have grayscale levels falling within the flickering gray-
the control information output circuitry outputs the gray- scale range, the image determining circuitry determines
scale level control information and/or the luminance 45 whether or not the image 1s the flickering 1image.
control information in a case where the interval is 13. A display device comprising:
longer than the interval threshold value and the per- grayscale level control circuitry; and
centage of the pixels having grayscale levels within the a control device including;
tflickering grayscale range 1s equal to or higher than the image determining circuitry that determines whether or
first threshold value. 50 not a percentage ol pixels having grayscale levels
8. A control device for a display device, said control within a first grayscale level range out of a plurality
device comprising: of pixels in one frame of 1image data 1s equal to or
image determining circuitry that determines whether or higher than a first threshold value, the first grayscale
not an 1mage 1s a flickering 1image which has a char- level range being a predetermined grayscale level
acteristic of causing flicker to be easily recognizable; 55 range within a range of intermediate grayscale lev-
and cls, the image data being data to be supplied to the
control mnformation output circuitry that, in a case where display device and indicative of grayscale levels of
the 1mage determining circuitry determines that the respective pixels for each frame; and
image 1s the flickering image, supplies, to grayscale control information output circuitry that, in accordance
level control circuitry that controls changing a gray- 60 with a result of a determination made by the image

the diflerent colors, a percentage of pixels, of all pixels
that are included 1n the at least one pixel 1n the 1mage
which have grayscale levels falling within the flicker-
ing grayscale range, (11) determines weighted values of
the respective percentages, (111) determines a sum of the
weilghted values, and (1v) determines whether or not the
sum of the weighted values 1s equal to or higher than a
second threshold value.

scale level of the flickering image, grayscale level
control 1nformation that causes the grayscale level
control circuitry to control increasing or lowering a
grayscale level of at least one pixel in which the flicker
1s easily recognizable, wherein by determining whether
or not a percentage of pixels, of a plurality of pixels that
are 1ncluded in the at least one pixel in the 1mage, which
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determining circuitry, supplies, to the grayscale level
control circuitry, grayscale level control information
that causes the grayscale level control circuitry to
control changing the grayscale level 1n the image data,
the grayscale level control circuitry controls changing
the grayscale level in the image data 1n response to the
grayscale level control information.
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14. A method for controlling a display device, said

method comprising steps of:

a) determining whether or not a percentage of pixels
having grayscale levels within a first grayscale level
range out of a plurality of pixels 1n one frame of 1image 5
data 1s equal to or higher than a first threshold value, the
first grayscale level range being a predetermined gray-
scale level range within a range of imtermediate gray-
scale levels, the image data being data to be supplied to
the display device and indicative of grayscale levels of 10
respective pixels for each frame; and

b) 1n accordance with a result of a determination 1n the
step a), supplying, to grayscale level control circuitry
that controls changing a grayscale level in the image
data, grayscale level control information that causes the 15
grayscale level control circuitry to control changing the
grayscale level 1n the image data.

Gx e * % s
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